We discuss the large-scale heliospheric magnetic field strength fluctuations as a function of distance from the Sun during the declining phase of a solar cycle, based on a one-dimensional, MHD, three-fluid model with observations made at 1 AU during 1995 as input. We consider daily averages of the magnetic field strength, B, as a function of time for a %1 year interval. The model predicts that B(t) is quasi-periodic, and that the amplitudes of fluctuations in B relative to the yearly average of B (hBi) are relatively large between 5 and 20 AU ('' the corotating merged interaction region zone,'' or CMIR zone). The model predicts that the fluctuations are aperiodic and that their amplitudes are relatively small between 30 and 95 AU (the '' wave interaction region zone ''). It predicts a transition between these two zones at %25 AU. These results are consistent with a conceptual model proposed by Burlaga in 1983 for the declining phase of the solar cycle. In the CMIR zone, neighboring CMIRs merge in a sequence of events that defines a topological tree. The model predicts the following statistical properties of the fluctuations in B/hBi for the declining phase of a solar cycle in the CMIR zone: (1) the power spectrum of B/hBi has a prominent peak at 26 days and a secondary peak at 13 days; (2) the distribution of B/hBi has no simple form; and (3) the standard deviation (SD) of B/hBi is relatively large and has a maximum of 1.2 at 10 AU. In the wave interaction zone, (1) the spectrum has no significant peak, and the power level at 26 days is an order of magnitude smaller than in the CMIR zone; (2) the distribution of B/hBi is approximately lognormal; and (3) the SD(B/hBi) is nearly constant, %0.48. The SD(B/hBi) versus R shows that the transition between the CMIR and the wave interaction zones is at %25 AE 5 AU. The results of the model are consistent with the Voyager 1 (V1) observations near 15 and 55 AU during 1983 and 1994, respectively. During the declining phase of solar cycle 23, in %2003-2005, Voyager 2 (V2) will move from 69 to 76 AU while V1 moves from 87 to 95 AU. The model makes the following predictions for the properties of B between 65 and 95 AU: (1) B(t) will be aperiodic, with relatively low amplitude fluctuations similar to those observed at 55 AU; (2) the power spectra will resemble those observed near 55 AU, and there will be little radial variation in the power at the solar rotation period, 26 days; (3) the distribution of B will be approximately lognormal; (4) the SD(B) of the daily averages of B will be %0.48hBi; and (5) the tail of the distribution of B will be exponential. Subject headings: interplanetary medium -MHD -solar wind -Sun: magnetic fields On-line material: color figure
INTRODUCTION
During the declining phase of the solar activity cycle, equatorial extensions of lobes of the polar coronal holes are the source of recurrent streams that are the dominant dynamical structures at 1 AU (Hundhausen 1977) . Within a few AU, the steepening of streams (Sarabhai 1963) leads to the formation of interaction regions, which are regions with relatively high pressure resulting in part from relatively strong magnetic fields (Burlaga & Ogilvie 1970) . Recurrent corotating streams are associated with corotating interaction regions (CIRs) that were observed between 1 and 5 AU by Smith & Wolfe (1976) . Burlaga (1983) proposed a conceptual model of the nearequatorial heliosphere, illustrated in Figure 1 , for times when corotating streams are dominant at 1 AU. Within a few AU, in the '' stream zone,'' corotating streams are the dominant structure, but they are closely associated with CIRs, as demonstrated in many studies (Hundhausen 1972) . Beyond a few AU, the continued steepening of streams strengthens the CIRs, and interactions among streams lead to the formation of corotating merged interaction regions (CMIRs; Burlaga & Ness 1994) . The CMIRs are the dominant dynamical structures between approximately a few AU and 25 AU, in a region we call the '' CMIR zone '' (denoted the '' pressure wave zone '' by Burlaga 1983) . The processes associated with the evolution of CIRs and the formation of CMIRs are understood. Studies of this evolutionary development are reviewed by Burlaga (1995, p. 138) . Specific studies include Dryer et al. (1978) , , Gosling, Hundhausen, & Bame (1976) , Burlaga et al. (1985b) , Burlaga & Mish (1987) , and Whang & Burlaga (1985a , 1986 , 1990 . Burlaga (1983) conjectured that the quasi-periodic CMIRs interact with one another in the CMIR zone to such an extent that the CMIRs are destroyed and new, more complicated structures are formed in the region beyond %25 AU, which he called the '' wave interaction zone,'' where the waves are abrupt pressure jumps of broad angular extent that include shocks and shocklike structures. He suggested that it might be necessary to describe the properties of the wave interaction zone in statistical terms.
Some evidence for a transition from the CMIR zone to the wave interaction zone at %25 AU was presented by Burlaga, Ness, & Belcher (1997) , based on Voyager observations. These results were inconclusive because it was not possible to separate the effects of latitudinal and radial variations and because of uncertainties in the Voyager observations of the very weak magnetic fields that were being observed at large distances from the Sun. Burlaga et al. (1997) stressed the need for a model that could describe the evolution of CMIRs at large distances.
A one-dimensional MHD model of the radial evolution of forward and reverse shocks associated with CMIRs in the region between 14 and 190 AU was published by Whang & Burlaga (1988) . This model did not consider pickup protons, which act to weaken shocks in the distant heliosphere (Whang, Burlaga, & Ness 1996; Zank 1999) . The model predicted that (1) the shocks persist out to 190 AU in a quasiperiodic form, although they become weaker in each collision, and (2) shock interactions occur every 40 AU. These predictions are not consistent with the observations in the distant heliosphere, beyond %30 AU. However, that model did show the fundamental result that the magnetic field strength profile changes qualitatively at large distances as shocks interact with one another, resulting in the destruction of the isolated CMIRs that were observed at 14 AU. Rice & Zank (1999) calculated the evolution of idealized corotating streams out to %40 AU, considering both pickup protons and the magnetic field.
The existence of a wave interaction zone, its structure, and the transition between the wave stream zone and the wave interaction zone during the declining phase of the solar activity cycle are the subjects of this paper. We focus on the general, qualitative properties of the magnetic field strength fluctuations during the declining phase of any solar cycle, rather than on particular, quantitative features of the declining phase of a single solar cycle.
MODEL
Our approach is based on the predictions of a physical model and a comparison of these predictions with observations. We use the numerical model of Wang & Richardson (2001 and Wang, Richardson, & Gosling (2000a , 2000b ) (hereafter referred to as '' the model ''), which is a deterministic, one-dimensional, multifluid, MHD model that includes pickup protons and the neutral interstellar gas (with a neutral hydrogen density at 70 AU equal to 0.09 cm À3 ). We use hourly averages of the Wind magnetic field B(t)a n d plasma data measured at 1 AU during 1995, in the declining phase of solar cycle 23, as input to the model, calculate daily averages of the magnetic field magnitude, B(t), at various radial distances, and determine the properties of the corresponding magnetic field strength fluctuations as a function of R. Hourly averages are used at 1 AU in order to better capture the effects of steep gradients, which are significant dynamically. Daily averages of the predicted B(t)werecompared with daily averages of the magnetic field observations from Voyager 1 (V1), in order to obtain relatively continuous time series, because the V1 observations are incomplete on any given day as a result of tracking limitations and the lack of onboard storage. Daily averages also serve to focus on flow systems rather than turbulence. The model and approach used in this paper to study the heliospheric structure during the declining phase of the solar cycle were used by Burlaga et al. (2003) to study the heliospheric structure during the solar maximum of cycle 23.
The general physical processes represented by the MHD equations that we use are (1) dynamical processes associated with gradients in thermal and magnetic pressures as well as the transfer of momentum; (2) the redistribution of energy and momentum among various scales, determined by nonlinear interactions; (3) mass, momentum, and energy transfer associated with the interaction between the solar wind and the interstellar neutral atoms and the production of pickup ions; and (4) conservation of magnetic flux, which is frozen in the hot plasma. But the initial and boundary conditions represent a very complex signal consisting of turbulence, waves, streams, shocks, etc., and the signal itself has to be described statistically. The components of the signal observed at 1 AU interact nonlinearly beyond 1 AU, introducing further complexity. We show below that this complexity can be described by relatively simple multiscale statistical functions and that the functions versus distance from the Sun can actually be predicted with the deterministic model. The statistical functions that we discuss are thus based on physics and observations, but they also incorporate the elements of complexity and chance that are important in the large-scale heliospheric structure, just as they are in the study of waves and turbulence. Burlaga (1983) , showing three zones in the heliosphere during the declining phase of the solar cycle. In the stream zone, between 1 and a few AU, the momentum of corotating streams dominates the solar wind dynamics. In the CMIR zone, the dominant structures are quasi-periodic CMIRs. There is a transition near 25 AU to the wave interaction zone.
COMPARISON OF THE MODEL PREDICTIONS AND VOYAGER OBSERVATIONS OF B(t)
3.1. CMIR Zone V1 observed large-amplitude, quasi-periodic interaction regions during 1983, when solar activity was declining (Burlaga et al. , 1997 . At the end of 1982 and early in 1983, at 11-12 AU, Voyager 2 (V2) observed CMIRs with amplitudes 3-4 times the mean magnetic field strength. During 1983, V1 moved between 14 and 18 AU. Throughout this paper, B will refer to the daily average of the magnetic field strength, unless otherwise noted. The normalized values of B, B/hBi, are plotted as a function of time in Figure  2b . The amplitudes of the oscillations of B near 16 AU are variable, with a dominant period near 26 days, and there is more than one periodic component.
The predicted time variations of B/hBi at 15 AU, using observations made at 1 AU during 1995 as the initial condition, are shown in Figure 2a . The model predicts quasi-periodic variations in B with a dominant period near 26 days and a harmonic at 13 days. The amplitudes of the predicted oscillations are variable, and there are other frequency components. Thus, the model predicts the same qualitative features that were observed by V1 during 1983.
Obviously, one cannot expect exact agreement between the prediction and the observations, because they refer to different solar cycles. However, both the model and the observations, in Figures 2a and 2b , respectively, refer to the declining phase of the solar cycle, and both describe conditions near 15 AU.
The Wave Interaction Zone
The V1 observations of B/hBi in 1994, one solar rotation after the observations discussed above, were discussed by Burlaga et al. (1997) and are shown in Figure 2d . At this time V1 moved between 54 and 58 AU. The solid curve in Figure 2d shows data from the outboard magnetometer, which is relatively far (13 m) from the spacecraft but still possibly contaminated by spacecraft magnetic fields. The average magnetic field measured by V1 during 1994 was 0.05 nT, which is very weak and close to the limits of measurement. The circles in Figure 2d represent data from the inboard magnetometer, which is closer to the spacecraft (7.4 m) and therefore more susceptible to contamination by magnetic fields from the spacecraft. The spacecraft magnetic field strength decreases from the position of the inboard magnetometer to that of the outboard magnetometer. If the magnetic field strength measured by the inboard magnetometer is comparable to that measured by the outboard magnetometer, then it is likely that contamination of the measurements by spacecraft magnetic fields is relatively small, as a result of in-flight calibrations regularly performed during roll maneuvers of the spacecraft. Inspection of Figure 2d shows good agreement between the measurements of the two magnetometers, except in the interval between days 230 and 270. We can assume that the solid curve in Figure 2d describes the basic character of the magnetic field strength fluctuations near 56 AU during 1994. The prediction of the model for the magnetic field strength profile at 55 AU is shown in Figure 2c . No periodic component can be seen; there are only moderately large aperiodic fluctuations at low frequencies. Thus, the model predicts the same qualitative features that V1 observed near 55 AU.
The preceding paragraphs show that near 15 AU the variations in B/hBi that were observed and predicted for the declining phase of the solar cycle are quasi-periodic and have relatively large amplitudes, which are the defining characteristics of the CMIR zone. On the other hand, near 55 AU the variations in the B/hBi that are observed and predicted for the declining phase of the solar cycle are aperiodic and have relatively small amplitudes, which are the defining characteristics of the wave interaction zone. Thus, the model and observations show that there is a change in the character of the heliospheric magnetic field strength profile between 15 and 55 AU during the declining phase of the solar cycle. This change is a transition from the CMIR zone to the wave interaction zone between 15 and 55 AU.
PROPERTIES OF THE CMIR ZONE AND THE WAVE INTERACTION ZONE

Power Spectra
The different characteristics of the magnetic field strength at 15 and 55 AU are also seen in the power spectra of the magnetic field strength.
The power spectra of B/hBi near 15 and 55 AU are shown in Figure 3 . The power spectrum at 15 AU computed from the model for the first 256 days in the time series is shown in Figure 3a , and the corresponding spectrum of B/hBi measured by V1 between 14 and 18 AU is shown in Figure 3b . The model spectrum has a power-law form in the range from 27 to 1 days, as shown by the line in Figure 3a , which is a least-squares fit. The line has a slope s ¼À2:7 AE 0:08, consistent with B(t)/hBi being dominated by the presence of jumps rather than turbulence. The observations in Figure  3b are not sufficiently accurate to determine the slope of the observed spectrum. The power spectra of both the predictions and the observations show a strong peak near 26 days, which is the dominant period of the oscillations shown in Figure 2 . The spectra also show a secondary peak at the 
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second harmonic period, 13 days. The power spectrum of B/hBi at 55 AU computed from the model for the first 256 days in the time series is shown in Figure 3c , and the corresponding spectrum of B/hBi measured by V1 between 54 and 58 AU is shown in Figure 3d . In this case there is no peak in the power spectrum of B/hBi for either the predicted or the observed magnetic field. Moreover, the power spectral density at the period of 26 days is an order of magnitude smaller near 55 AU than that near 15 AU. We conclude that the power spectrum of B/hBi near 15 AU is qualitatively different from that near 55 AU.
There is a transition from a state with high power spectral densities at the period of 26 days near 15 AU in the CMIR zone to a state with much lower power spectral densities near 55 AU in the wave interaction zone.
Distribution Functions
The distribution functions of B/hBi near 15 and 55 AU are shown in Figure 4 . Since it has been found from Voyager observations that the distribution of B is often approximately lognormal (Burlaga 2001) , we plot the cumulative counts on a probability scale versus log B so that the points will fall on a straight line if the distribution function is lognormal.
The distributions of the predicted and observed magnetic fields near 15 AU (Figs. 4a and 4b) are similar, but they are not lognormal. Cubic polynomials provide good fits to the observations and predictions, but straight lines do not. This is not surprising, because the fluctuations in B near 15 AU are quasi-periodic; one does not expect quasi-periodic fluctuations to be described by a lognormal distribution.
The cumulative distribution of counts on a probability scale versus log B at 55 AU, computed from the model, is shown in Figure 4c ; the corresponding distribution measured by V1 between 54 and 58 AU is shown in Figure 4d . The points in these figures were fitted by straight lines for B > 0:025 nT; magnetic fields weaker than this cannot be measured accurately. Near 55 AU, the straight lines provide excellent fits to the data, indicating that the distributions of both the predicted and observed magnetic strengths are approximately lognormal during the declining phase of the solar cycle near 55 AU. A lognormal distribution has a large '' tail '' corresponding to the presence of very intense fields. The lognormal distribution indicates that there is an internal scaling symmetry of the fluctuations, and it suggests that the strong fields are produced by a multiplicative process (see Burlaga 2001 and references therein). The lognormal distribution implies that there is no dominant scale (as in the case of quasi-sinusoidal oscillations), but rather a multitude of scales, which is probably the result of complicated solar inputs and nonlinear interactions among flows in the solar wind on a wide range of scales.
We conclude that the distribution function of B near 15 AU is different from that near 55 AU. There is a transition from a quasi-sinusoidal distribution of B in the interaction region zone to a lognormal distribution of B in the wave interaction zone.
TREES IN THE CMIR ZONE
In order to describe the structure and radial evolution of B, one needs to know B(t) as a function of distance R from the Sun. It is not possible to determine B(t; R) observationally during the declining phase of the solar cycle with the limited observations available. But it is possible to compute B(t; R) as a function of distance from the Sun from the model, using data measured at 1 AU during a representative declining phase of the solar cycle as input. One can thereby determine how the basic structure of B varies with increasing distance from the Sun during the declining phase of a solar cycle.
For clarity and simplicity we begin by considering the structure of the heliospheric magnetic field corresponding to the solar wind conditions at 1 AU in the limited interval from day 26 to 155 of 1995. The hour averages of B/hBi at 1 AU are plotted in the top panel of Figure 5 . Spectral analysis shows that there is a 26 day periodicity in the magnetic field and observations at 1 AU, but this is obscured by additional high-frequency components. A simple quasi-periodic structure in B(t) forms between 1 and 5 AU, as shown by the daily averages computed from the model and plotted in the panel labeled 5 AU in Figure 5 . A series of peaks corresponding to CMIRs are labeled 1-10 in that panel. The predicted magnetic field strength profiles shown in Figure 5 indicate that the amplitudes of the CMIRs are greatest at 10 AU. Figure 5 shows that some pairs of CMIRs observed at 5 AU merged between 5 and 10 AU. In particular, CMIRs 5 and 6 merged to form a single CMIR 5/6, CMIRs 7 and 8 merged to form a single CMIR 7/8, and CMIRs 9 and 10 merged to form a single CMIR 9/10. Similarly, CMIRs 3 and 4, which were beginning to interact at 5 AU, merged to form CMIR 3/4 at 10 AU. CMIRs 1 and 2 merged to form CMIR 1/2 between 10 and 15 AU. CMIRs 5/6 and 7/8 merged into a single CMIR 5/6-7/8 between 15 and 20 AU. Finally, between 20 and 30 AU CMIRs 1/2 and 3/4 merged to form the structure 1/2-3/4, while CMIRs 5/6-7/8 and 9/ 10 merged to form the complicated structure 5/6-7/8-9/10.
At 30 AU the CMIRs are no longer well defined, and the amplitudes of the magnetic field strength fluctuations are relatively small compared to those at 10 AU, as conjectured by Burlaga (1983) . The magnetic field strength profiles are Burlaga (1983) and illustrated in Figure 1 . The merging of interaction regions as a function of increasing distance from the Sun, which can be seen in Figure 5 , determines a treelike pattern that is shown in Figure  6 . Each merged interaction region in Figure 5 is an endpoint of a line segment in Figure 6 . An interaction region that maintains its identity from one radial position to the next appears as a vertical line segment. The merging of two interaction regions from one radial position to the next appears as a branch point, or a Y-pattern, in Figure 6 . The radial evolution of the interaction regions in Figure 5 can be described as two trees, which are shown in Figure 6 . In this sense, there are trees in the heliosphere between 5 and %30 AU. These trees can be described by standard topological and hydrological methods.
In Figure 6 the segments (links) in each of the two trees are numbered according to the Strahler system used in hydrology (Strahler 1964) . In the Strahler system, a segment with no tributaries is designated a first-order segment. A second-order segment is formed by the joining of two firstorder segments, and so on. With the Strahler ordering method there is no increase in order when a segment of one order joins a segment of lower order. For the tree on the left in Figure 6 , the number of segments of each order is 4, 2, and 1 from top to bottom, which is an inverse geometric series, namely, 2 2 ,2 1 ,and2 0 . Such inverse geometric series are commonly observed in stream basins. The bifurcation ratio is defined as the ratio between the number of segments of one order and the number of the next highest order. This number generally varies slightly between different successive orders in a tree, so a mean bifurcation ratio for the whole tree is normally used. The mean bifurcation ratio for the tree on the left in Figure 6 is 2. For the tree on the right in Figure  6 , the number of segments of each order from top to bottom is 6, 3, and 1, giving a mean bifurcation ratio of 2.5. In this case, the number of segments of each order is the series 3 1.3 ,3 1 ,3 0 .
6. RADIAL VARIATIONS OF SOME STATISTICAL PROPERTIES OF B
Standard Deviation of B(t)/hBi versus Distance
The simplest description of the large-scale fluctuations is provided by the standard deviation, SD[B(t)/hBi] for periods of approximately 1 year. Figure 7 shows SD[B(t)/hBi] as a function of R, computed from the model for the declining phase of the solar cycle. The standard deviation increases to a maximum of 1.2 at 10 AU, corresponding to the growth of very strong merged interaction regions at that distance, as we saw in Figure 2 . The standard deviation decreases between 10 and 25 AU in the CMIR zone. Between 25 and 95 AU, SD[B(t)/hBi] is essentially constant, with the mean value of 0:48 AE 0:01. Thus, this figure shows that a transition from the CMIR zone to the wave interaction zone occurs at %25 AU, as conjectured by Burlaga (1983) .
It is remarkable that the amplitude of the fluctuations of B/hBi is constant over a distance of 70 AU, from 25 to 95 AU, during the declining phase of the solar cycle. Burlaga & Ness (1998a) found that the SD(B)/hBi determined from the hour averages of the V1 observations is approximately constant over a much longer interval, from 1980 to 2001.
Distribution of B versus R
The distribution function of B/hBi provides another simple means of describing the large-scale fluctuations in B, as we saw in Figure 4 . Section 4.2 shows that the distribution of B was approximately lognormal at 55 AU during the declining phase of the solar cycle. Figure 4c shows that a lognormal distribution can be described by a straight line through the cumulative counts on a probability scale versus log B=hBi ðÞ . We have computed the histograms of log B=hBi ðÞ and the corresponding linear fits to the cumulative counts on a probability scale versus log B=hBi ðÞ from the daily averages of B(t) determined from the model between 5 and 95 AU at increments of 5 AU. It is not Fig. 7 .-Standard deviation of B/hBi, where B (hBi) is the daily (yearly) average magnetic field strength computed from the model, as a function of distance R from the Sun. The standard deviation is relatively high in the CMIR zone, and it is relatively constant in the wave interaction zone between 25 and 95 AU. The transition between these two zones is at 25 AU. practical to display all these results, so we summarize them by the slope of the straight line and the corresponding uncertainty in the slope for each histogram. The results are plotted in Figure 8 .
At large distances from the Sun the uncertainties in the slope are small, because the distributions are in fact lognormal, and a straight line provides a good fit to the cumulative distribution. At smaller distances, within the CMIR zone, the uncertainties and the slope are large, because the fluctuations are quasi-periodic and the histograms are not described accurately by a linear fit (see Fig. 4a ). Moreover, the amplitudes of the quasi-periodic fluctuations are large at small distances from Sun, so the histograms are broader and the slopes of the linear fits are correspondingly smaller there. Figure 8 provides an overview of the character of the distribution log B=hBi ðÞ for the magnetic field strength fluctuations between 5 and 95 AU. The slopes of the linear fits to the cumulative counts versus log B=hBi ðÞ increase with distance from the Sun as one moves away from the CMIR zone to the wave interaction zone. The slopes in Figure 8 increase sigmoidally between 5 and 95 AU, as shown by the curve, which is a fit to the equation given in the figure. The same curve has an inflection point at 36 AU, and the asymptotic value of the slopes at large distances is 5:02 AE 0:06.
Multiscale Structure of the Standard Deviation versus R
The statistical properties described above refer to daily averages of B, which describe only relatively small-scale fluctuations in B. A more complete description of the magnetic field strength fluctuations must describe the multiscale structure of B. We use the method described in the companion paper by Burlaga et al. (2003) .
The basic quantity considered in this section is the change in B(t)/hBi at various scales (time lags) n , where hBi is an average of the magnetic field strength over approximately 1 year at a specified distance R. Thus, we consider the changes in B(t)/hBi at different scales n , viz., dB n dB n t i ; n ðÞ Bt i þ n ðÞ = B hi À Bt i ðÞ = B hi :
The lag n (where n 2 n [days], n ¼ 0; 1; 2; ...) determines the scale of the fluctuations represented by dB n . We consider scales ranging from 0 ¼ 2 0 ¼ 1 day to 8 ¼ 2 8 ¼ 256 days (i.e., n ¼ 0; 1; ...; 8). The number n and the lag n ¼ 2 n (days) are used interchangeably. Note that dB n measures changes in B/hBi rather than B/hBi itself. This has the advantage that one can measure small-scale structures within larger structures. We describe the fluctuations of dB n as a function of scale and distance, by means of the standard deviation of dB n as a function of n and R. The standard deviation of a quantity x as a function of scale n ¼ 2 n is defined as SD n f 1= N À 1 ðÞ ½ P x i À x i hi ðÞ 2 g 1=2 , where hx i i is the mean of x i dB n t i ðÞ , N is the number of points in the sample, and the sum is from i ¼ 1toN.
Consider the standard deviation of dB n as a surface given by the function SD n (n, R). This surface is shown in projection as a contour plot in Figure 9 . Figure 9 shows the multiscale structure of SD n over the entire region from 1 to 95 AU. The scale of the ordinate is n ¼ log 2 n , plotted on the right of Figure 9 , which corresponds to the lag n , which is plotted on the left of Figure 9 . The most prominent feature of the surface of the standard deviation is a vertical ridge at R ¼ 10 AU extending from periods of approximately 8 to 256 days. The vertical ridge corresponds to the CMIRs in the CMIR zone. The multiple peaks in the ridge are a result of the quasi-periodic profile of the CMIR, as shown in Figure 9 . Since we are taking the standard deviation of a difference in B(t)/hBi at various lags, a signal with a period of 26 days would give a maximum in SD n for n ¼ 13:5 days (n ¼ 3:75) and a minimum at n ¼ 26 days (n ¼ 4:7), as observed in Figure 9 . The maxima and minima at larger lags are not simply those expected for a sine wave with a period of 26 days, because the predicted signal near 10-15 AU has harmonics of 26 days and aperiodic structure in addition to the dominant period at 26 days, as shown by the spectrum in Figure 3a .
The ridge in Figure 9 stands out in the sea of smallamplitude fluctuations (SD n 0:7) that begins at n ¼ 0and R ¼ 1 AU and grows deeper and broader with increasing R to 95 AU. The sea extends from %30 to 95 AU with no significant qualitative change and no additional features appearing, in contrast to a similar figure shown in Burlaga et al. (2003) near solar maximum.
A more quantitative and detailed description of the standard deviation surface is provided by several vertical sections of the surface, shown in Figure 10 . Consider the radial variation of SD n (n, R) for five scales, namely, 1, 2, 8, 64, and 256 days, corresponding to n ¼ 0, 1, 3, 6, and 8 (see Fig. 10 ). At all scales, SD n (dB n , R) increases from 1 to several AU as the interaction regions and CMIRs develop, decreases rapidly to relatively low levels near 25 AU, and then decreases monotonically with increasing distance from the Sun from 30 to 95 AU. The relatively high values of SD n (dB n , R) between a few and 25 AU are observed in the CMIR zone, and the relatively small values that decrease slowly with Figure 10 shows the approximate distance of the transition between these two zones.
PREDICTIONS FOR THE VOYAGER OBSERVATIONS DURING THE DECLINING PHASE OF SOLAR CYCLE 23
The next declining phase of solar activity will occur in %2003-2005. During this time, V2 will move from 69 to 76 AU, and V1 will move from 87 to 95 AU. The model predicts the qualitative features of the magnetic field strength fluctuations that should be observed by V1 and V2 between 2003 and 2005.
The power spectra of B/hBi between 65 and 95 AU during the declining phase of cycle 23 predicted by the model are shown in Figure 11 . A striking feature is that the power spectral density at the solar rotation period, 26 days, is approximately the same at 65, 75, 85, and 95 AU. In fact, the predicted power spectral density at these large distances is of the same order of magnitude as that observed by V1 between 54 and 58 AU during the declining phase of cycle 22 and that predicted at 55 AU by the model (Fig. 3) . The linear least-squares fits to the power spectra in Figure 11 are shown for the interval from 1 to 26 days at each of the four distances indicated in Figure 11 . All of the fits indicate approximately the same power spectral density at the period of 26 days. There are large fluctuations in the power levels for scales between 1 and 26 days at 65 and 75 AU, so the linear fits do not accurately describe the power spectral density as a function of scale. On the other hand, the Fig. 9 .-Standard deviation of the differences in B/hBi as a function of scale (days or n) and distance R from the Sun. There is a prominent ridge at all scales at 10 AU, corresponding to the quasi-periodic CMIRs. Beyond 25 AU, the heliosphere is relatively structureless, and the standard deviation is small at all distances and scales. [See the electronic edition of the Journal for a color version of this figure. ] Fig. 10. -Standard deviation of differences in B/hBi at different scales corresponding to n ¼ 0, 1, 3, 6, and 8 as a function of distance from the Sun. The standard deviations are high, each is at its maximum in the CMIR zone, and they are relatively low and change slowly with increasing distance from the Sun in the wave interaction zone. fluctuations in the power versus frequency at 85 and 95 AU in Figure 11 are relatively small, and the linear fit suggests a scaling relation for the power spectral density at periods of less than 26 days. The slopes of the spectra at 85 and 95 AU are À2:1 AE 0:1 and À2:5 AE 0:1, respectively, suggesting that sudden steps in B are prominent even at distances as large as 95 AU.
The model predicts that the distributions of B/hBi should be lognormal between 65 and 95 AU. The lognormal distribution predicted at 95 AU is shown in Figure 12 . Since the model predicts very similar distributions at 65, 75, and 85 AU, they are not reproduced here. Because the distributions are lognormal at large distances, where hBi is weak, the probability of observing relatively strong magnetic fields there is greater than it would be if the distributions were Gaussian.
Extrapolating the results of Burlaga et al. (2002) , the mean magnetic field measured by V2 should be in the range 0.04-0.05 nT between 69 and 76 AU, and the hBi measured by V1 should be in the range 0.03-0.04 nT from 87 to 95 AU. Figure 7 shows that SD(B/hBi) should be approximately 0:48 AE 0:01. This implies that B at the 1 level should vary in the range 0.045-0.075 nT between 65 and 95 AU. The magnetometers on V2 and V1 can only measure accurately magnetic fields that are stronger than %0.05 and %0.02 nT, respectively. Thus, we expect that during the next declining phase of the solar cycle the Voyager spacecraft will be able to measure magnetic fields only sporadically. One might not be able to measure continuous time series of B, associated power spectra, and the complete distribution functions between 65 and 95 AU. However, one should be able to measure the tail of the distribution of B, where the magnetic fields are relatively strong.
Previous studies (Burlaga, Ness, & McDonald 1987; Burlaga 1988; , 1998b showed that the tail of the distribution of hour averages of the magnetic field strength could be approximated as an exponential distribution in many cases and as a power-law distribution in some cases. Figure 13a shows the predicted distribution of B at 95 AU on a log-log scale. The straight line represents a linear least-squares fit to the data with B > 0:055 nT. Since the points scatter about this line, a power law describes the tail of the distribution. Figure 13b shows the same data plotted on a semilog scale. Here the straight line represents a linear least-squares fit to the data with B from 0.045 to 0.12 nT. In this case, the small scatter of the points about the straight line indicates that the tail can also be approximated by an exponential distribution. Recall that the one-dimensional MHD model overestimates B at large distances, because it neglects the Parker spiral; nevertheless, the qualitative results should be valid. Although the magnetic fields near 95 AU are probably so weak that meaningful observations cannot be made on many days, it should be possible to measure the tails of the distributions. Figure 13 predicts that these tails might have a simple mathematical form. Figure 14 shows B(t) in the distant heliosphere (at 65, 75, 85, and 95 AU), compared with the corresponding magnetic field strength profiles closer to the Sun (at 5, 10, 15, and 55 AU). The profiles from 65 to 95 AU are similar to one another, consistent with the results above that indicate similar standard deviations, histograms, and spectra. Figure 14 shows the qualitative difference between the largeamplitude, quasi-periodic fluctuations within 25 AU and the small-amplitude, aperiodic, lognormally distributed fluctuations beyond 65 AU.
SUMMARY AND DISCUSSION
We have analyzed the radial variations of the daily averages of the magnetic field strength, B, during the declining phase of the solar cycle. A one-dimensional, MHD, threefluid model with hourly observations made at 1 AU during 1995 as input was used to predict the daily averages of B(t; R) that would be measured at distances R from the Sun in approximately 1 year intervals between 1 and 95 AU. We assume that these results are representative of the basic features of B as a function of R during the declining phase of any solar cycle.
A significant limitation of any one-dimensional MHD model is that it does not and cannot take into account the spiral nature of the magnetic field. Consequently, it cannot accurately predict the magnetic field strength as a function of distance. Clearly, it would be desirable to develop twoand three-dimensional MHD codes that would produce more refined and accurate predictions of the magnetic field strength variation as a function of distance from the Sun. Nevertheless, one can expect a one-dimensional model to describe the basic qualitative features of the fluctuations of B. As a test of the accuracy of the model, we compare its predictions with the observations made by V1 near 15 AU during 1983 and 55 AU during 1994.
The model predicts that between 5 and 20 AU, the fluctuations in B(t) for %1 year intervals are quasi-periodic, and the amplitudes of fluctuations are relatively large. The V1 observations between 14 and 18 AU during 1983 are consistent with this prediction. The model predicts that between 30 and 95 AU the fluctuations in B(t) are aperiodic, and their amplitudes are relatively small. The predicted B(t)a t 55 AU is consistent with the magnetic field strength profile observed by V1 between 54 and 56 AU during 1994. Thus, the model predicts that beyond 1 AU there are two zones with qualitatively different magnetic fluctuations, and the observations are consistent with this prediction.
The results of the model and the observations discussed above are consistent with the conceptual model proposed by Burlaga (1983) for the declining phase of the solar cycle. He identified three zones in the heliosphere: (1) the stream zone, between the Sun and a few AU, in which corotating streams are the dominant dynamical structure; (2) the pressure wave zone (which we now call the '' corotating merged interaction region zone,'' or CMIR zone), in which the large-amplitude, quasi-periodic, corotating interaction regions are dominant; and (3) the wave interaction zone, in which large-scale compressive wave fronts are a prominent feature. Burlaga (1983) suggested that the transition between the CMIR zone and the wave interaction zone occurs at approximately 25 AU, which is also consistent with the predictions of the MHD model.
The model predicts that at 15 AU, in the CMIR zone, the power spectrum of the B/hBi fluctuations has a prominent peak at 26 days, which is consistent with the V1 observations made near 15 AU during 1983. The model predicts that in the wave interaction zone the corresponding spectrum has no significant peak and that the power level at 26 days is an order of magnitude smaller than that in the CMIR zone; this prediction is consistent with the V1 observations made near 55 AU during 1994.
In the CMIR zone the distribution of B/hBi fluctuations has no simple form, as one might expect since the fluctuations are quasi-periodic there. The distribution of B observed by V1 between 14 and 18 AU during 1983 is similar to that predicted at 15 AU. The model predicts that in the outer parts of the wave interaction zone, the distribution of B is approximately lognormal. The distribution of B observed by V1 between 54 and 56 AU during 1994 is consistent with this prediction.
The model shows that in the CMIR zone some neighboring CMIRs will merge between 5 and 25 AU to form successively larger CMIRs. The merging of these CMIRs can be described as a set of topological trees. The bifurcation ratios (according to the Strahler scheme of labeling the orders of segments) of the trees are 2 and 2.5, respectively, for the two trees that were discussed.
The standard deviation of B/hBi increases to a maximum of 1.2 from 5 to 10 AU, and then it decreases to approximately 0.48 at 25 AU. Thus, the predicted SD(B/hBi)i n the CMIR zone is relatively large. In the wave interaction zone, between 25 and 95 AU, the model predicts that the SD(B/hBi) is approximately a constant equal to 0.48. The standard deviation as a function of distance defines the boundary between the CMIR zone and the wave interaction zone rather sharply as 25 AU.
The standard deviation of the differences in B/hBi at various scales as a function of distance from the Sun defines a surface. This surface shows a ridge over a wide range of scales in the CMIR zone, with a peak at 5-10 AU. The surface shows a sea of relatively small changes in B/hBi in the wave interaction zone beyond 25 AU.
During the declining phase of solar cycle 23, which will occur in approximately 2003-2005, V2 will move between 69 and 76 AU while V1 will move between 87 and 95 AU. The model predicts that between 65 and 95 AU B(t)/hBi will be aperiodic, with relatively low amplitude. It predicts that the power spectra of B(t)/hBi should resemble those observed near 55 AU during the declining phase of the two previous solar cycles and that there will be little change in the power of the fluctuations of B/hBi at a period of 26 days between 65 and 95 AU. The model predicts that the distribution function of B will be lognormal to good approximation between 65 and 95 AU. Finally, the model predicts that SD B= B hi ðÞ % 0:48 between 65 and 95 AU. Because the magnetic fields are expected to be very weak at these large distances, it will be a challenge to verify all of the predictions of the model with the future magnetic field observations that will be made by V1 and V2. However, it should be possible to describe the tails of the distributions of B between 65 and 95 AU quantitatively. The model predicts that these tails will be exponential or power laws to good approximation. The work at MIT was supported under NASA contract 959203 from JPL and NASA grant NAG 5-1623. N. F. Ness was supported in part by JPL contract 959167. We thank S. Kramer and T. McClanahan for programming support, M. Acuñ a for his continued assistance in evaluating the measurements, and Diana Taggart for supporting this work in several important ways.
